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CROSS-REFERENCE TO RELATED APPLICATIONS 

[0001] The present application relates to the following applications, all of which 

are incorporated herein by reference. 

[0002] 1. U.S. Patent Application No. titled 

APPARATUS WITH PROCESSING STATIONS FOR MANUALLY AND 
AUTOMATICALLY PROCESSING MICROELECTRONIC WORKPIECES 
(Attorney Docket No. 291 95.81 73US1) filed concurrently herewith; 
[0003] 2. U.S. Patent Application No. 09/875,300 titled TRANSFER DEVICES 

4? FOR HANDLING MICROELECTRONIC WORKPIECES WITHIN AN 

k ENVIRONMENT OF A PROCESSING MACHINE AND METHODS OF 

MANUFACTURING AND USING SUCH DEVICES IN THE PROCESSING OF 
MICROELECTRONIC WORKPIECES (Attorney Docket No. 291 95.81 53US) filed 
June 5, 2001; 

[0004] 3. U.S. Patent Application No. titled 

MICROELECTRONIC WORKPIECE TRANSFER DEVICES AND METHODS OF 
USING SUCH DEVICES IN THE PROCESSING OF MICROELECTRONIC 
WORKPIECES (Attorney Docket No. 291 95.81 53US2) filed concurrently herewith; 
and 

[0005] 4. Published PCT Application No. PCT/US99/14414 titled 

AUTOMATED SEMICONDUCTOR PROCESSING SYSTEM filed June 25, 1999. 

TECHNICAL FIELD 

[0006] The present invention is directed generally to methods and apparatuses for 

manually and automatically processing microelectronic workpieces. 
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BACKGROUND 



[0007] Microelectronic devices, such as semiconductor devices and field emission 

displays, are generally fabricated on and/or in microelectronic workpieces using 
several different types of machines ("tools"). Many such processing machines 
have a single processing station that performs one or more procedures on the 
workpieces. An example of one such tool is a single-chamber Equinox tool 
available from Semitool, Inc. of Kalispell, Montana. This tool can have a shelf on 
which a container of microelectronic workpieces is positioned, and a single 
processing chamber for electrochemically processing the workpieces. A user can 
manually load the workpieces one by one into the chamber, for example, to test or 
demonstrate processing recipes or other processing parameters. 

[0008] While the foregoing tool is useful in the engineering environment, 

production level processing requires greater throughput than can be provided by 
a single-chamber tool. Accordingly, other processing machines have a plurality of 
processing stations that can perform a series of different procedures on individual 
workpieces or batches of workpieces. For example, the LT210C and Spectrum 
tools, also available from Semitool, Inc., provide automated processing in a batch 
and single-wafer environment, respectively. These tools include robots that 
automatically remove the microelectronic workpieces from a container, move the 
microelectronic workpieces among the relevant processing stations, and return 
the microelectronic workpieces to the container after processing. While such 
tools are very effective for processing large volumes of microelectronic 
workpieces, they may not be cost-effective or practical when used in an 
engineering, test or demonstration environment. 

[0009] One problem with the foregoing tools is that they typically require a clean 

room environment in which to operate. Clean rooms are expensive to build and 
maintain, and accordingly tool manufacturers attempt to maximize the number of 
microelectronic workpieces processed per hour per square foot of clean room 
area occupied by the tool. However, despite efforts to make tools as compact and 
efficient as possible, there is continual pressure to reduce the size of the tool (e.g. 
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the "footprint" of the tool) and increase the efficiency of the tool. This pressure 
becomes all the more intense when device manufacturers require both 
engineering/test and production processing capabilities, which in turn requires 
even more clean room area. 

SUMMARY 

[0010] The present invention is directed toward apparatuses and methods for 

processing microelectronic workpieces. One aspect of several embodiments of 
the invention is a single processing tool that can be suitable for both manual and 
automatic operation. By combining these functions in a single tool, limited clean 
room area can be more fully utilized. Furthermore, by integrating some or all of 
the tool with a gray room environment, the space occupied by the tool in a clean 
room can be reduced. Therefore, tools in accordance with several embodiments 
of the invention can increase the utilization of valuable clean room space by 
providing both engineering and production level processing capabilities in a 
single, low-footprint device. 

[0011] In one embodiment, the processing tool can include one or more 

processing stations, each of which can be accessed by an automatic transfer 
device (for automatically transferring microelectronic workpieces to and/or from 
the processing station) and by a user (for manually transferring the 
microelectronic workpieces). The manual operation can occur sequentially or 
simultaneously with the automatic operation. For example, the tool can include a 
plurality of processing stations, with all the processing stations of the tool being 
manually accessible to a user to manually load microelectronic workpieces for 
processing. The tool can further include an input/output station configured to 
support at least one microelectronic workpiece for automatic transfer to and from 
the processing stations. A transfer device is positioned proximate to the 
input/output station and the processing stations to automatically transfer 
microelectronic workpieces between the input/output station and the processing 
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stations in lieu of or in conjunction with manual manipulation of workpieces in the 
tool. 

[0012] The tool can include a shield positioned proximate to the transfer device to 

at least restrict access to the transfer device by the user when the user manually 
accesses the processing stations. In one aspect of the invention, a support that 
carries the microelectronic workpieces into the processing station can be 
positioned above the shield for manual operation and below the shield for 
automatic operation. The support can be carried from a position above the 
processing station and can be removed relative to the processing station and/or 
removed from the tool along a support holder, such as a pair of rails. Access to 
N the interior of the tool can be provided exclusively by access panels in oppositely 



A facing front and rear surfaces of the tool. This can allow the tool to have a 



I if 



smaller effective footprint and integrate with both a clean room environment and a 
gray room environment. The foregoing arrangements are expected to make the 
tool more compact, more versatile to use, and easier to service. 
[0013] In a more particular embodiment, the processing station can include a 

processing vessel configured to provide a processing fluid, and a support 
movably positioned proximate to the processing vessel and configured to carry 
the microelectronic workpiece. The support can be movable between a process 
position, a first transferring position spaced apart from the process position, and a 
second transferring position spaced apart from the first transferring position. The 
support is oriented to contact the microelectronic substrate with the processing 
fluid when in the process position, and is oriented to receive the microelectronic 
workpiece from the transfer device when in the first transferring position. The 
support is configured to receive the microelectronic workpiece manually from the 
user when in the second transferring position. The support can be supported 
from above and can move away from the processing station along a guide path to 
allow access to the processing station. 
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BRIEF DESCRIPTION OF THE DRAWINGS 



[0014] Figure 1 is a partially cutaway, isometric view of an apparatus configured to 

both manually and automatically process microelectronic workpieces in 
accordance with an embodiment of the invention. 

[0015] Figure 2 is a partially schematic, cross-sectional side view of an apparatus 

generally similar to that shown in Figure 1 with a support positioned to manually 
receive a microelectronic workpiece in accordance with an embodiment of the 
invention. 

[0016] Figure 3 is a partially schematic, cross-sectional side view of an apparatus 

generally similar to that shown in Figures 1 and 2 with the support positioned to 
receive microelectronic workpieces from an automated transfer device in 
accordance with an embodiment of the invention. 

[0017] Figure 4 is an isometric view of a portion of an automated transfer device in 

accordance with an embodiment of the invention. 

[0018] Figure 5 is a partially schematic, cross-sectional side view of the 

automated transfer device shown in Figure 4 taken substantially along line 5-5. 

[0019] Figure 6 is a partially schematic, cross-sectional side view of an apparatus 

generally similar to that shown in Figure 1 with the support movable toward and 
away from a processing station in accordance with an embodiment of the 
invention. 

[0020] Figure 7 is a partially schematic, cross-sectional side view of a portion of a 

support carried by a support holder in accordance with an embodiment of the 
invention. 

[0021] Figure 8 is a partially schematic rear view of a portion of the support shown 

in Figure 7 carried by the support holder in accordance with an embodiment of the 
invention. 
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DETAILED DESCRIPTION 



[0022] The following description discloses the details and features of several 

embodiments of apparatuses for processing microelectronic workpieces. The 
term "microelectronic workpiece M is used throughout to include a workpiece 
formed from a substrate upon which and/or in which microelectronic circuits or 
components, data storage elements or layers, and/or micro-mechanical elements 
are fabricated. It will be appreciated that several of the details set forth below are 
provided to describe the following embodiments in a manner sufficient to enable a 
person skilled in the relevant art to make and use the disclosed embodiments. 
Several of the details and advantages described below, however, may not be 
necessary to practice certain embodiments of the invention. Additionally, the 
invention can include other embodiments that are within the scope of the claims 
but are not described in detail with respect to Figures 1-8. 

[0023] Figure 1 is a partially cutaway isometric view of an apparatus 100 

configured to both manually and automatically process microelectronic 
workpieces in accordance with an embodiment of the invention. In one aspect of 
this embodiment, the apparatus 100 can be used in both a research and 
development setting and a production setting. For example, in a research and 
development setting, individual microelectronic workpieces can be moved 
manually into and out of the apparatus 100 for experimenting with and 
demonstrating new methods and processes. The same apparatus 100 can be 
used in a production setting in which large numbers of microelectronic workpieces 
are automatically and efficiently moved into and out of the apparatus in a routine 
manner for processing. As described in greater detail below, the manual and 
automated processes can occur sequentially or simultaneously using a single 
apparatus 100. 

[0024] In one aspect of this embodiment, the apparatus 100 can include a chassis 

101 carrying a plurality of processing stations 150. The chassis 101 can carry 
eight processing stations 150 as shown in Figure 1, or alternatively, the chassis 
101 can carry other numbers of processing stations 150 in other embodiments. 
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The processing stations 150 can be aligned along a station axis 151 which, in one 
embodiment, can be generally straight. In alternate embodiments, the station axis 
151 can be curved (for example, in a horseshoe shape) or can have other shapes. 
In any of these embodiments, microelectronic workpieces 114 can be loaded 
manually and/or automatically into the processing stations 150 depending upon 
the requirements for a particular station 150 at a particular point in time. 
[0025] The apparatus 100 can include an enclosure 102 disposed around some or 

all of the chassis 101 and the processing stations 150. The enclosure 102 can 
have a plurality of surfaces, such as a front surface 103a, a rear surface 103b 
facing opposite from the front surface 103a, and two side surfaces 103c between 
the front surface 103a and the rear surface 103b. The front surface 103a can be 
configured to face the user (not shown) and can include a graphical user interface 
107 coupled to a processor 106 to control the operation of electrical units 105. 
The electrical units 105 in turn power and control the components of the 
apparatus 1 00. 

[0026] The front surface 103a can also include an input/output station 110 

configured to support the microelectronic workpieces 114 for automatic transfer 
into and out of the processing stations 150. In one aspect of this embodiment, the 
input/output station can include two tilting platforms 111, each configured to 
support a container 113 that removably carries a plurality of the microelectronic 
workpieces 114. The tilting platforms 111 can be moved from an outwardly tilted 
position (for receiving the containers 113) to an upright position (shown in Figure 
1). When the containers 113 are in the upright position, the microelectronic 
workpieces 114 within the containers 1 13 are accessible to an automated transfer 
device 130 through container access openings 1 12 in the enclosure 102. 

[0027] The automated transfer device 130 can include a robot 131 supported by a 

transfer device support 132. The robot 131 can move along a transfer device 
guide path 133 to remove the microelectronic workpieces 114 from the containers 
113 and move the microelectronic workpieces 114 through the container access 
opening 112, into the enclosure 102 and to the processing stations 150. The 
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transfer device 130 can then return the microelectronic workpieces 114 to the 
same or a different container 113 through the same or a different access opening 
112. 

[0028] The front surface 103a can also include a support surface 115 on which 

the containers 113 can be positioned for manual loading and unloading. In one 
aspect of this embodiment, the support surface 115 can have a removable section 
116 that allows for service access to the transfer device 130. Alternatively, the 
transfer device 1 30 can be accessed from other portions of the apparatus 100. In 
either embodiment, the user can place the containers 113 on the support surface 
115 and then individually remove the microelectronic workpieces 114 from the 
container 113 and move them into the enclosure 102 through a manual access 
opening 104. Accordingly, in one aspect of this embodiment, the manual access 
opening 104 can be large enough to allow the user to manually access any and 
all of the processing stations 150. In a further aspect of this embodiment, the 
manual access opening 104 can be a single, contiguous opening. Alternatively, 
the manual access opening 104 can include a plurality of smaller adjacent 
openings separated, for example, by vertical dividers that still allow the user to 
access all the processing stations 150. In any of these embodiments, the manual 
access opening 104 can be positioned on a single side (such as the front side) of 
the apparatus 100 so that the user can manually access all the processing 
stations 150 from one side of the apparatus 100. 

[0029] In another aspect of this embodiment, the manual access opening 104 can 

be permanent. Alternatively, the apparatus 100 can include a panel that can be 
positioned over the manual access opening 104 to fully enclose the processing 
stations 150 and the transfer device 130, for example, during extended periods of 
exclusively automated processing. In a further aspect of this alternate 
embodiment, the enclosure 102 can define a M mini" clean room environment. In 
any of these embodiments, a shield 134 can be positioned adjacent to the transfer 
device 1 30 to prevent interference between the transfer device 1 30 and the user 
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when the user manually accesses the processing stations 150, as described in 
greater detail below with reference to Figure 2. 

[0030] The rear surface 103b of the enclosure 102 faces opposite the front 

surface 103a and can provide service access to the components within the 
enclosure 102. For example, the processing stations 150 and associated 
electrical, mechanical, and chemical systems can be accessed from service 
access openings (not visible in Figure 1) in the rear surface 103b. In one aspect 
of this embodiment, service access to the apparatus 100 can be provided 
exclusively via the front surface 103a and the rear surface 103b. Accordingly, the 
side surfaces 103c need not have service access panels and need not be 
accessible for service after the apparatus 100 is installed. One feature of this 
embodiment is that the effective footprint of the apparatus 100 can be reduced 
compared with some conventional tools because, for example, the apparatus 100 
does not require access aisles along the side surfaces 103c of the enclosure 102. 

[0031] In another embodiment, the apparatus 100 can be positioned in a clean 

room environment 120 that is adjacent to a gray room environment 121. For 
example, the gray room environment 121 can include a room separated from the 
clean room environment 120 by a wall 122 and can define a generally clean 
environment that need not meet clean room standards. The wall 122 can include 
an aperture 123, and the rear surface 103b of the enclosure 102 can be placed 
adjacent to the aperture 123 with the front surface 103a and the side surfaces 
103c projecting into the clean room environment 120. A seal 124 can be 
disposed around the periphery of the enclosure 102 at the aperture 123 to 
maintain the separation between the clean room environment 120 and the gray 
room environment 121. This arrangement can have several advantages. For 
example, the effective footprint of the apparatus 100 can be reduced when 
compared with conventional arrangements because an aisle need not be provided 
in the clean room environment 120 adjacent to the rear surface 103b. When 
service is performed on the apparatus 100, most of the internal components of the 
apparatus 100 can be accessed from the gray room environment 121 through the 
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access openings in the rear surface 103b. Accordingly, many service functions 
can be provided without requiring service personnel to enter the clean room 
environment 120, which entails the time consuming process of "suiting up" in 
clean room suits prior to entry. 

[0032] In other embodiments, the apparatus 100 can have other positional 

arrangements that also reduce the effective footprint of the apparatus 100. For 
example, the apparatus 100 can be moved rearwardly through the aperture 123 
into the gray room environment 121 with at least a portion of (and optionally, the 
entirety of) the side surfaces 103c received in the gray room environment 121. 
Accordingly, the amount of clean room floor space required by the apparatus 100 
can be less than for other tools having a similar number of processing stations. 

[0033] In one aspect of the foregoing embodiments, the side surfaces 103c need 

not be accessible to operate or service the apparatus 100. Accordingly, the side 
surfaces 103c need not include access panels configured for regular access. 
Alternatively, the apparatus 100 can be configured to be placed end-to-end with 
another processing tool, and at least one of the side surfaces 103c can have an 
opening configured to allow the microelectronic workpieces 114 to be 
automatically transferred from the apparatus 100 to the adjoining processing tool. 

[0034] Figure 2 is a cross-sectional side view of the apparatus 100 described 

above with reference to Figure 1 in accordance with an embodiment of the 
invention. In one aspect of this embodiment, at least one of the processing 
stations 150 can include a vessel 152 configured to provide a processing fluid, 
such as an electrolytic or electroless processing fluid for metal deposition. A 
support 160 can be positioned proximate to the vessel 152 and can be configured 
to receive single microelectronic workpieces 114 and carry the microelectronic 
workpieces 1 14 in contact with the processing fluid. Alternatively, the support 160 
can be configured to simultaneously carry a plurality of microelectronic 
workpieces 114. In still further embodiments, the processing station 150 can have 
other configurations and can carry out other functions, such as rinsing, drying, 
etching, spraying, measuring, annealing or coating the microelectronic workpieces 
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114. Further details of stations that perform such functions are included in U.S. 

Patent Application No. , (attorney docket number 291 95.81 73US1), 

previously incorporated herein by reference. Other arrangements for processing 
stations 150 and supports 160 are included in U.S. Patent Nos. 6,136,163 and 
6,139,712, both incorporated herein by reference. In some of the foregoing 
embodiments, the processing stations 150 do not include vessels, and 
accordingly, the support 160 can carry the microelectronic workpiece 114 relative 
to other portions of the processing stations 150. 

[0035] In one embodiment, the support 160 can include a head 161 having a 

receiving surface 162 (such as an annular ring) positioned to receive the 
microelectronic workpiece 114. The head 161 can be supported by a carrier 164 
and can rotate relative to the carrier 164 about a head rotation axis 166 (as 
indicated by arrow A) between a manual transfer position (shown in Figure 2) and 
a process position. In the manual transfer position, the receiving surface 162 can 
face upwardly to allow a user to manually place the microelectronic workpiece 114 
on the head 161 , or remove the microelectronic workpiece 1 14 from the head 161 . 
For example, the user can manipulate a wand 108 having a vacuum end effector 
to place and remove the microelectronic workpiece 114. In other embodiments, 
the user can place and remove the microelectronic workpiece 114 directly by 
hand or the user can operate other manual implements. In any of these 
embodiments, the head 161 can rotate 180 degrees about the head rotation axis 
166 from the manual transfer position to the process position, and can be lowered 
into the vessel 152 for processing the microelectronic workpiece 114. 

[0036] In a further aspect of this embodiment, the support 160 can include a 

support holder 180 that supports the carrier 164 from a position located above the 
processing station 150. In one embodiment, the carrier 164 can be movable 
relative to the support holder 180, as described in greater detail below with 
reference to Figure 6. In another embodiment, the carrier 164 can be fixedly 
supported from above. In either embodiment, the carrier 164 can include an 
elevator 165 that moves the head 161 upwardly and downwardly as indicated by 
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arrow B. Accordingly, the head 161 can move along a guide path upwardly to the 
manual transfer position, then rotationally and downwardly to the process 
position. 

[0037] In another aspect of this embodiment, the shield 134 can extend proximate 

to the support 160 to at least restrict contact between the user and the transfer 
device 130 while the user manually accesses the head 161. For example, the 
shield 134 can include an upright portion 135 that extends upwardly to a position 
above the transfer device 130. The shield 134 can further include a transverse 
portion 136 that extends transversely over the transfer device 130 toward the 
support 160. Accordingly, the shield 134 can at least restrict the user's access to 
the transfer device 130, while allowing the user to access the head 161 when the 
head 161 is in the manual transfer position. In a further aspect of this 
embodiment, the shield 134 can be transparent to allow observation of the 
transfer device 1 30. 

[0038] In operation, the user can place a container 113 on the support surface 

115 adjacent to the upright portion 135 of the shield 134. The user can then 
remove one of the microelectronic workpieces 114 from the container 113 in 
preparation for transferring the microelectronic workpiece 114 to the support 160. 
The support 160 can move upwardly to the manual transfer position. In one 
aspect of this embodiment, the head 161 of the support 160 can move upwardly 
until the receiving surface 162 is at or above the elevation of the transverse 
portion 136 of the shield 134. The user can then reach over the shield 134 to 
load (or unload) the microelectronic workpiece 114 while the shield 134 protects 
the user from inadvertent contact with the transfer device 130. In one aspect of 
this embodiment, if the transfer device 130 attempts to access the support 160 
while the support 160 is in the manual transfer position, the head 161 will interfere 
with the motion of the transfer device 130, providing additional protection for the 
user accessing the support 160 manually. 

[0039] In one aspect of this embodiment, the user can alternate between 

dedicating the apparatus 100 to manual processing and dedicating the apparatus 
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100 to automatic processing. Alternatively, the apparatus 100 can automatically 
process some microelectronic workpieces 114 in one or more of the processing 
stations 150 while the user simultaneously processes other microelectronic 
workpieces 114 manually in processing stations not concurrently occupied by 
automatically processed microelectronic workpieces 114. In either embodiment, 
the user can enter the appropriate commands at the user interface 107 to allow 
manual operation and/or initiate and direct automatic operation. In either 
embodiment, the same apparatus 100 can automatically process microelectronic 
workpieces 1 14 in a manner described below with reference to Figure 3. 
[0040] Figure 3 is a cross-sectional side view of the apparatus 100 described 

above with reference to Figures 1 and 2 showing the support 160 located in an 
automatic transfer position to transfer the microelectronic workpiece 1 14 to and/or 
from the transfer device 130. In one aspect of this embodiment, the automatic 
transfer position can be located in a plane beneath the plane of the manual 
transfer position (Figure 2) and beneath the transverse portion 136 of the shield 
134. Accordingly, the transfer device 130 can access the receiving surface 162 of 
the head 161. The transfer device 130 can include a base 137 supported by the 
fy transfer device support 132 for movement transverse to the plane of Figure 3. 

The base 137 can support a lift 138 connected to an arm 139 to move the arm 
139 upwardly and downwardly relative to the base 137. Two end effectors 140 
(shown as an upper end effector 140a and a lower end effector 140b) can be 
pivotally attached to the arm 139 to rotate relative to the arm 139, as described in 
greater detail below with reference to Figure 4. Each end effector 140 can carry a 
microelectronic workpiece 114, for example, with a vacuum grip or another 
releasable gripping mechanism, and can move toward and away from the head 
161. 

[0041] During automatic operation, the elevator 165 of the support 160 can move 

the head 161 to the automatic transfer position to receive a microelectronic 
workpiece 114 from the transfer device 130. After the transfer device 130 places 
the microelectronic workpiece 114 on the receiving surface 162 of the head 161, 
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the elevator 165 can elevate the head 161 slightly to provide vertical clearance 
between the head 161 and the vessel 152. The head 161 can then rotate 180 
degrees about the head rotation axis 166 (as described above with reference to 
Figure 2) and the elevator 165 can lower the head 161 to the process position. 
The foregoing steps can be reversed after processing to remove the 
microelectronic workpiece 114 from the head 161 . 
[0042] One feature of the foregoing embodiments described above with reference 

to Figures 1-3 is that the support 160 can selectively stop at two different 
positions for receiving the microelectronic workpiece 114: a manual transfer 
position for manually placing and removing the microelectronic workpieces, and 
u an automatic transfer position for automatically placing and removing the 

|J microelectronic workpieces 114. The use of different positions for manually and 

CI 

t& automatically transferring the microelectronic workpieces 1 14 can provide several 

2j advantages. For example, when the support 160 is in the manual transfer 

? 5 position, the user can be shielded from contact with the automatic transfer device 

* ; 130, and when the support 160 is in the automatic transfer position, the transfer 

fy device 130 can access the support 160. The different positions can also provide 

}[[ a visual cue to the user to indicate to the user when it is appropriate to manually 

|f access the support 160. For example, in one embodiment, the user can see that 

when the head 161 is positioned above the transverse portion 136 of the shield 
134, the receiving surface 162 is accessible for manual loading and/or unloading. 
Conversely, when the head 161 is positioned below the transverse portion 136 of 
the shield 134, the user can see that the head is positioned for automatic transfer 
and is not available for manually receiving or discharging the microelectronic 
workpiece 1 1 4. 

[0043] In one embodiment, the support 160 can move upwardly and downwardly 

between the manual transfer position and the automatic transfer position, and can 
rotate between the transfer positions and the process position. In other 
embodiments, the support 160 can move along different axes and/or in different 
manners between any of these three positions. In still a further embodiment, the 

[291 95-81 73/SL020460.1 84] -14- 2/1 8/02 



manual transfer position and the automatic transfer position can be identical. In 
one aspect of this embodiment, the user can be protected from inadvertent 
contact with the transfer device 130 by other arrangements, for example, a 
moving shield 1 34. 

[0044] Figure 4 is an isometric view of a transfer device 1 30 in accordance with an 

embodiment of the invention. In one aspect of this embodiment, the transfer 
device 130 can include a robot 131 supported by the transfer device support 132 
(Figure 3) to move linearly as indicated by arrow C. Accordingly, the robot 131 
can be automatically moved into alignment with the input/output station 110 
(Figure 1) and any of the processing stations 150 (Figure 1). The base 137 of the 
transfer device 130 can support the lift 138 for upward and downward motion, as 
indicated by arrow D. The lift 138 can support the arm 139 for rotational motion, 
as indicated by arrow E. In one embodiment, the arm 139 can have a single 
eccentric projection 146 that extends away from the axis along which the lift 138 
moves, and that supports the end effectors 140. Alternatively, the arm 139 can 
have multiple projections. The single eccentric projection 146 can be less likely 
than multiple projection arrangements to interfere with surrounding components 
when the arm 139 rotates. In either embodiment, the end effectors 140 can rotate 
independently relative to the arm 139 about a common axis, as indicated by arrow 
F. 

[0045] In one aspect of this embodiment, the robot 131 can be coupled to a 

control unit 141 with a flexible cable 142 (such as a ribbon cable). The robot can 
move linearly as indicated by arrow C without restriction from the cable 142. In a 
further aspect of this embodiment a significant portion of the control and power 
circuitry required to operate the robot 131 can be positioned in the control unit 
141 rather than on the robot 131 itself. An advantage of this arrangement is that 
the robot 131 can be made smaller and can accordingly require less space in 
which to move. 

[0046] Figure 5 is a partially schematic, cross-sectional side view of the robot 131 

in accordance with an embodiment of the invention. In one aspect of this 
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embodiment, the upper end effector 140a is supported on an inner shaft 144a and 
the lower end effector 140b is supported on an outer shaft 144b disposed 
outwardly from the inner shaft 144a. The outer shaft 144b can be driven by an 
outer shaft belt 145b (extending out of the plane of Figure 5) which can in turn be 
driven by an outer shaft pulley (not visible in Figure 5). The inner shaft 144a can 
be coupled to an inner shaft belt 145a which can in turn be powered by an inner 
shaft pulley 143a. Because the upper end effector 140a is vertically spaced apart 
from the lower end effector 140b, each end effector 140 can move without 
interfering with the movement of the other. By providing independent power 
transmission to each end effector 140, each end effector 140 can move 
independently of the other. For example, one of the end effectors 140 can 
position a microelectronic workpiece 114 on the support 160 (Figure 3) while the 
other end effector 140 retains a microelectronic workpiece 114 for delivery to a 
different support 160 or to the input/output device 110 (Figure 1). 

[0047] In other embodiments, the transfer device 130 can have other 

configurations. For example, the transfer device 130 can carry a single 
microelectronic workpiece 114 or more than two microelectronic workpieces 114. 
When the transfer device 130 carries more than one microelectronic workpiece 
114, the motion of each microelectronic workpiece 114 can be at least partially 
independent, as described above with reference to Figures 4 and 5. Alternatively, 
the transfer device 130 can be configured to automatically move a plurality of 
microelectronic substrates 114 together in a batch arrangement, for example, with 
or without a separate carrier or container configured for use within the enclosure 
102. Further details of aspects of transfer devices in accordance with other 
embodiments of the invention are included in U.S. Patent Application No. 

09/875,300, filed June 5, 2001, U.S. Patent Application No. (Attorney 

Docket No. 291 95.81 53US2), and published PCT Application No. 
PCT/US99/14414, all incorporated herein by reference. 

[0048] Figure 6 is a cross-sectional side view of the apparatus 100 with the 

support 160 arranged to be movable relative to the support holder 180 in 
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accordance with an embodiment of the invention. As shown in Figure 6, the 
carrier 164 of the support 160 can be suspended from the support holder 180, 
with the support holder 180 positioned above the head 161 and the vessel 152 of 
the processing station 150. The support holder 180 can include a support guide 
path 181 along which the support 160 can move between an operational position 
(shown in solid lines in Figure 6) and an access position (shown in phantom lines 
in Figure 6). In the operational position, the head 161 can be positioned to have 
microelectronic workpieces 114 automatically or manually transferred to it or from 
it, as described above. In the access position, the head 161 can be moved 
transversely away from the processing station 150 to allow access to the vessel 
u 1 52. Accordingly, the user can access the vessel 1 52 from the front surface 1 03a 

S of the enclosure 102 (for example, for maintenance) while the support 160 is in 

ttl the access position. 

$ [0049] In one aspect of this embodiment, the support guide path 181 can be 

-J generally straight and transverse to the vertical motion of the head 161 as it 

* moves relative to the vessel 152. In other embodiments, the support guide path 

ft! 181 can have other configurations. For example, in one alternate embodiment, 

IS the support guide path 181 can be curved. 

H [0050] In a further aspect of the embodiment shown in Figure 6, the entire support 

160 can be disconnected from the apparatus 100 and removed through the rear 
surface 103b of the enclosure 102 by moving and/or removing an access panel 
184 at the rear surface 103b. Accordingly, the support 160 can be serviced 
remotely from the apparatus 100, and the user can have additional access to the 
chamber 150 and the vessel 152 through the rear surface 103b of the enclosure 
102. In one aspect of this embodiment, the support holder 180 can include an 
arrangement of rails for linear movement of the support 160, as described in 
greater detail below with reference to Figures 7 and 8. In other embodiments, the 
support holder 180 can have other configurations for moving the support 160 
relative to the chamber 150 and/or relative to the apparatus 100. For example, in 
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other embodiments, the support 160 can pivot about one or more axes to allow 
access to the chamber 150. 

[0051] Figures 7 and 8 are partially schematic illustrations of a support 160 

configured for installation and removal in accordance with an embodiment of the 
invention. Referring first to Figure 7, the support holder 180 can include a pair of 
guide rails 182 (one of which is visible in Figure 7), each having a linear channel 
183 aligned along the support guide path 181. The carrier 164 of the support 160 
can include guide members 174 slidably received in the channels 183. 
Accordingly, the carrier 164 can be suspended or at least partially suspended 
from the guide rails 182. 

[0052] In a further aspect of this embodiment, the carrier 164 can include features 

that allow it to be aligned and positioned within the apparatus 100. For example, 
the carrier 164 can include a plurality of locator balls 170, shown as an upper 
locator ball 170a and a pair of lower locator balls 170b (one of which is visible in 
Figure 7). The apparatus 100 can include corresponding features positioned to 
receive and align the locator balls 170. For example, the apparatus 100 can 
include an upper support beam 168a having an upper support bracket 169 
configured to receive the upper locator ball 170a. The apparatus 100 can further 
include a lower support beam 168b having two lower support brackets 175, 
including a left lower support bracket 175a and a right lower support bracket 175b 
(not visible in Figure 7), positioned to receive the lower locator balls 170b. 

[0053] In one embodiment, the upper support bracket 169 can have a positioning 

surface 171 arranged to contact the upper locator ball 170a. The upper support 
bracket 169 can be adjustable forward and aft, as indicated by arrow G. Upon 
installation, the forward and aft position of the upper support bracket 169 can be 
adjusted until the carrier 164 is vertically aligned. Once the carrier 164 is properly 
aligned, a locking mechanism 172 having a latch 173 can be actuated to secure 
the upper locator ball 170a against the positioning surface 171. To move or 
remove the carrier 164, the locking mechanism 172 is released, allowing the 
carrier 164 to pivot rearwardly about the lower locator ball 170b, as indicated by 
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arrow H and as shown in dashed lines in Figure 7. After the carrier 164 has 
pivoted rearwardly as shown in Figure 7, the lower locator balls 170b can be 
removed from the lower support brackets 175 and the carrier 164 can be moved 
further aft to the access position, and/or removed from the apparatus 100, as 
described above with reference to Figure 6. 

[0054] Figure 8 is a partially schematic, partially broken rear view of a portion of 

the support 160 supported in the apparatus 100 at least in part by the guide 
members 174. In one aspect of this embodiment, the guide members 174 can be 
slidably received in the guide rails 182. In an alternate embodiment, the guide 
members 174 can include wheels that roll along the guide rail 182, and in other 
embodiments, the apparatus 100 can include other arrangements that allow for 
relative movement between the support 160 and the support holder 180. In any of 
these embodiments, the support carrier 164 can include an electrical terminal 163 
configured to releasably receive an electrical cable (not shown) and a pneumatic 
terminal 167 configured to releasably receive a pneumatic conduit (not shown). 
The electrical cable and the pneumatic conduit can be detached from the carrier 
164 prior to removing the support 160 from the apparatus 100. 

[0055] In one aspect of an embodiment of apparatus 1 00 shown in Figure 8, the 

lower support brackets 175 (shown as the left lower support bracket 175a and the 
right lower support bracket 175b) can be configured to accommodate transverse 
alignment of the carrier 164. For example, the left support bracket 175a can 
include a generally flat receiving surface 176 along which a corresponding one of 
the lower locator balls 170b can slide. The right support bracket 175b can include 
a receiving cradle 177 configured to receive the other lower locator ball 170b and 
at least restrict movement of the other lower locator ball 170b to provide 
additional support for the carrier 164. Accordingly, the receiving cradle 177 can 
be adjusted laterally as indicated by arrow I using adjustment screws 178. 

[0056] One feature of an embodiment of the apparatus 100 described above with 

reference to Figures 6-8 is that the support 160 can be supported by a support 
holder 180 that allows for movement of the support 160 while the weight of the 
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support 160 is still borne by the apparatus 100. Accordingly, it can be easier to 
reposition the support 160 while accessing the processing station 150 below. 
Another advantage of this feature is that it can be easier to remove the support 
entirely from the apparatus 100 through the rear surface 103b of the apparatus 
100. 

[0057] Another feature of an embodiment of the support 160 is that it is carried 

from a position located above the processing station 150. One advantage of this 
feature is that the support 160 need not occupy space below the head 161 and 
adjacent to the processing station 150. Instead, this space can be left free (for 
example, to access the processing station 1 50) or can be occupied by additional 
support equipment for the processing station 150. Another advantage of this 
arrangement is that the electrical cable between the support 160 and the 
electrical units 105 that provide power and control signals to the support 160 can 
3 be shorter because the support 160 is positioned closer to the electrical units 105. 

Still another advantage of this arrangement is that the electrical cable can be 
positioned entirely above the processing station 150 when it is coupled to the 
support carrier 164. Accordingly, the likelihood for contact between the electrical 
cable and the chemicals contained in the processing station 150 can be reduced 



ass* 
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|f and/or eliminated. 



[0058] From the foregoing, it will be appreciated that specific embodiments of the 

invention have been described herein for purposes of illustration, but that various 
modifications may be made without deviating from the spirit and scope of the 
invention. Accordingly, the invention is not limited except as by the appended 
claims. 



[291 95-81 73/SL020460. 1 84] 



-20- 



2/18/02 



